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Description 



This invention comprises novel alk/lated derivatives of rapamycin liaving pharmaceutical utility, espedally as 
immunosuppressants. 

5 Rapamycin is a known macrolide antibiotic produced by Streptomyces hvdroscoDicus. having the stmcture 
depicted in Formula A: 




See, ag.. McAlptne. ^ al.. J. Antibiotics (1991) 44: 688; Schretber. S.L. et al.. J. Am. Chem. Soc. (1991) 111: 
7433: US Patent No. 3 929 992. Rapamydn is an extremely potent immunosuppressant and has also been shown to 
have antitumor and antifungal activity. Its utility as a pharmaceutical, however, is restricted by its very low and variable 
40 bioavailability as well as its high toxicity. Moreover, rapamycin is highly insoluble, making it difficult to formulate stable 
galenic conrpositions. 

It has now surprisingly been discovered that certain novel derivatives of rapamycin (the Novel Compounds) have 
an improved pharmacologic profile over rapamycin, exhibit greater stability and bioavailability, and allow for greater 
ease in producing gal^c formulations. The Novel Compounds are alkylated derivatives of rapamycin having the struc- 
45 ture of Formula I: 



50 



55 



EP0867 438 A1 



41 




wherein 

Xis (H.H)orO; 
Yis (H.OH)orp: 

and are independently selected from 

H, alkyl. ttiioalkyi, arylalkyl. hydroxyalkyi, dihydroocyalkyi. hydroxyalkylarylalkyl. dihydroxyalkylarylalkyl. alkoxyalkyl, 
acyloxyalkyi, aminoalkyi, alf^aminoalkyl. alkoxycarbonylaminoalkyl. acylaminoalkyl. arylsuHbnamidoalkyI, allyl. 
dihydroxyalkylallyl. dioxolanylallyl. carbalkoxyalkyl. and (R^jsSI where each R3 is Independently selected from H, 
methyl, ethyl, Isoprcpyl, 1-butyl, and phenyl; wherein "alk-" or "alkyr refers to C^g alkyt, branched or linear prefera- 
bly C1.3 alkyl, In which the carbon chain nnay be optionally interrupted by an ether (-0-) linkage; and 

R^ is methyl, or R^ and R^ together form alkyfene; 
provided that R^ and R^ are not both H; and 

provided that where R^ Is (R^sSi or carbalkoxyalkyl. X and Y are not both O. 
Preferred Novel Compounds include the following: 

I. 40-O-Benzyl-rapamycln 

2. 40-0(4'- Hydroxymethyl)benzyl-rapamycin 

3. 40-O[4'-(1 ,2-Dihydroxyethyl)]benzyl-rapamycin 

4. 40-O-Anyl-rapamydn 

5. 40-O-l3*-(2.2-Dimelhyl- 1 .3-diaxolan-4{S)-yl)-prop-2'-en-1 '-yll-rapamycin 

6. (2'E. 4'S)-40-O-{4'.5'-Dlhydraxypent-2*-en-1'-yl)-rapamycin 

7. 40-O-(2-Hydraxy)ethQxycarbonylmethyl-rapamycin 

8. 40-0(2-Hydroxy)ethyl-rapamycin 

9. 40-0-(3-Hydraxy)propyl-rapamycin 

10. 40-0-(6-Hydroxy)hexyl-rapamydn 

1 1 . 400-p-(2-Hydroxy)ethaxy]ethyl-rapamycin 

12. 40-O-[(3S)-2.2-Dlmethykfioxolan-3-ylJmethyl-rapamycin 
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13. 40-O-{(2S)-2,3-Dihydroxyprop-1-yl]-rapamycin 

14. 40-O-(2-Acetoxy)ethyl-rapamycin 

1 5. 40-O-(2-Njcotinoytoxy)ethyl-rapamycin 

1 6. 40-O-l2-(N-MorphoIino)acetoxy]ethyl-rapamycin 
5 1 7. 40-O-(2-N-lmidazolylacetoxy)ethyl-rapamycin 

1 8. 40-O-[2-(N-Methyi-N'-piperazlnyl)acetoxy]ethyf-rapamycln 

1 9. 39-O-Desmethy!-39,40-O.0-ethylenG-rapamycin 

20. (26R)-26-Dihydro-40-O-C2-hydrQxy)ethylHrapamycin 
2 1 . 28-0-Methyl-rapamycin 

10 22. 40-O-(2-Amlnoethyl)-rapannycin 

23. 40-0-(2-Acetaminoethyl)-rapamycin 

24. 40-O-(2-Nicolinamidoelhyl) -rapamycin 

25. 40-O-(2-(N-MethylHmidazo-2'-ylcarboxarnido)ethyl)-rapamycin 

26. 40-O-(2-Ethoxycarbonylaminoethyl)-rapamycin 
15 27. 40-O-(2-ToIylsulfonamidoethyl)-rapannycin 

28. 40-0-[2-(4',5'-Dicarboethoxy-r.2',3*-triazol-1*-yl)-ethyl]-rapamycin 

The Novel Conpounds for immunosuppressive use are preferably the 40-O-subslituted rapamycins where X and 
Y are both O, is H, is methyl, and is other than H; most preferably where R^ is selected from hydroxyaJkyl. 
20 hydroxyalkoxyalkyl. acylaminoalkyi, and aminoalkyi; especially 40-O-{2-hydroxy)ethyl-rapamycin, 40-0-(3-hydroxy)pro- 
pyf-rapamycin, 40-O-[2-(2-hydroxy)ethoxy]ethyl-rapamycin. and 40-0(2-acetaminoethyi)-rapamycin). 

Preferably, 0-sut>stitution at C40 or O.ODisubstitution at C28 and C40 Is performed according to the following gen- 
eral process: Rapamycin (or dihydro or deoxorapamydn) is reacted with an organic radical attached to a leaving group 
(e.g., RX where R is the organic radical, e.g., an alkyi, ally!, or benzyl moiety, which is desired as the 0-substituent. and 
25 X is the leaving group e,g.. CCl3C(NH)0 or CF3SO3) under suitable reaction conditions, preferably acidic or neutral con- 
ditions. e.g., in the presence of an acid like trifhjoromethanesulfonic add. camphorsulfonic add, p-toluenesulfbnic acid 
or their respective pyridinium or substituted pyridinium salts when X is CCl3C(NH)0 or in the presence of a base like 
pyridine a substituted pyridine, diisopropylethylamine or pentamethylpiperidine when X is CF3SO3. O-substitutions at 
C28 only are accomplished in the same manner, but with prior protection at C40. Further modifications are possible. 
30 For example, where the substituent is allyl. the isolated, monosubstituted double bond of the ally! moiety is highly ame- 
nable to further modification. 

The 9-deoxorapamycin compounds are preferably produced by reducing a rapamydn using hydrogen sulfide, by 
reacting rapamycin with diphenyldiselenide and tributylphosphine or by other suitable reductbn reaction. 

The 26-dihydro-rapamycins are preferat)ly produced by reducing rapamycins or 9-deoxorapamyctns from keto to 
35 hydroxy at C26 by a mild reduction reaction, such as a borohydride reduction reaction. 
The Novel Compounds are particularly useful for the following conditions: 

a) Treatment and prevention of organ or tissue transplant rejection. e.g. for the treatment of redpients of e.g. heart, 
lung, combined heart-lung. liver, kidney, panaeatic, sWn or corneal transplants. They are also indicated for the pre- 

40 vention of graft-versus-host disease, such as following bone marrow transplantation. 

b) Treatment and prevention of autoimmune disease and of inflammatory conditions, in particular inflammatory 
conditions with an etiology including an autoimmune component such as arthritis (for example rheumatoid arthritis, 
arthritis chronica progrediente and arthritis deformans) and rheumatk; diseases. Specific autoimmune diseases for 
whrch the compounds of the invention may be employed indude, autoimmune hematological disorders (including 

45 e.g. hemolytic anaemia, aplastic anaemic, pure red cell anaemia and idiopathtc thrombocytopenia), systemic lupus 
erythematosus, polychondritis, sderodoma. Wegener granulamatosis. dermatomyositis, chronic active hepatitis, 
myasthenia gravis, psoriasis. Steven-Johnson syndrome, idiopathic sprue, autoimmune inflammatory bowel cfis- 
ease (including e.g. ulcerative colitis and Crohn's disease) endocrine ophthalmopathy. Graves disease, sarcoido- 
sis, multiple sclerosis, primary biliiary drrhosis, juvenile diabetes (diabetes mellitus type t), uveitis (anterior and 

50 posterior), keratoconjunctivitis sicca and vernal keratoconjunctivitis, interstitial lung fbrosis. psoriatic arthritis, 
glomerulonephritis (with and without nephrotic syndrome. e.g. inducfing idiopathic nephrotic syndrome or minimal 
change nephropathy) and juvenile dermatomyositis. 

c) Treatment and prevention of asthma. 

d) Treatment of multi-drug resistance (MDR). The Novel Compourxfs suppress P-glycoproteins (Pgp). which fire 
55 the menttrane transport molecules assodated with MDR. MDR is particularly problematic in cancer patients and 

AIDS patients who will not respond to conventional chemotherapy because the medication is punped out of the 
cells by Pgp. The Novel Compounds are therefore useful for enhandng the efficacy of other chemotherapeutic 
agents in the treatment and control of multidrug resistant conditions such as multidrug resistant cancer or multidrug 
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resistant AIDS. 

e) Treatment of proliferative disorders, e.g. tumors, hyperproliterative skin disorder and the like. 

f) Treatment of fungal infections. 

g) Treatment and prevention of Inflammation, especially in potentiating the action of steroids. 

5 h) Treatment and prevention of infection, espedally infection by pathogens having Mip or Mip-like factors. 

i) Treatment of overdoses of FK-506. rapamycin, immunosuppressive Novel Compounds, and other macrophilln 
binding immunosuppressants. 

The invention thus provides the Novel Compounds described herein, for use as novel intermediates or as pharac- 
10 eutlcals, methods of treating or preventing the above<lescribed disorder^ by adnvnistering an effective amount of a 
Novel Compound to a patient in need thereof, use of a Novel Compound in the manufacture of a medicament for treat- 
ment or prevention of the above-described disorders, and pharmaceutical compositions comprising a Novel Compound 
In combination or association with a pharmaceutically acceptable diluent or carrier. 

Most of the Novel Compounds desaibed herein are highly immunosuppressive, especially those Novel Corn- 
's pounds which are 0-substituted at C40p and these Novel Compounds are particularly useful in indications a and b, but 
not in indication i. Those of the Novel Compounds which are less Immunosuppressive, especially those which are O- 
substituted at C28 only, are particularly useful in indications h and i. but are less preferred in indications a or b. 

The Novel Compounds are utilized by administration of a pharmaceutically effective dose in pharmaceutically 
acceptable form to a subject in need of treatment. Appropriate dosages of the Novel Compounds will of course vary, 
20 e.g. depending on the condition to be treated (for example the disease type or the nature of resistance), the effect 
desired and the mode of administration. 

In general however satisfactory results are obtained on administration orally at dosages on the order of from 0.05 
to 5 or up to lOmg/kg/day. e.g. on the order of from 0.1 to 2 or up to 7.5 mg/kg/day administered once or. in divided 
doses 2 to 4x per day, or on administration parenterally, e.g. intravenously, for example by i.v. drip or infusion, at dos- 
25 ages on the order of from 0.01 to 2.5 up to 5 mg/kg/day, e.g. on the order of from 0.05 or 0.1 up to 1 .0 mg/kg/day. Suit- 
able daily dosages for patients are thus on the order of 500 mg p.o., e.g. on the order of from 5 to 100 mg p.o.. or on 
the order of from 0.5 to 125 up to 250 mg i.v., e.g. on the order of from 2.5 to 50 mg i.v.. 

Alternatively and even preferably, dosaging is arranged in patient specific manner to provide pre-determined trough 
blood levels, e.g. as determined by RIA technique. Thus patient dosaging may be adjusted so as to achieve regular on- 
30 going trough blood levels as measured by RIA on the order of from 50 or 150 up to 500 or lOOOng/ml. i.e. analogously 
to methods of dosaging currently employed for Ciclosporin immunosuppressive therapy. 

The Novel Compounds may be administered as the sole active ingredient or together with other drugs. For example 
in immunosuppressive applications such as prevention and treatment of graft vs. host disease, transplant rejection, or 
autoimmune disease, the Novel Compounds may be used In comblnatton vnth Cidosporin. FK-506, or their Immuno- 
35 suppressive derivatives: corricosteroids; azathioprene; immunosuppressive monoclonal antibodies, e.g., monoctonal 
antibodies to CD3, CD4, CD25, CD28, or CD45; andTor other immunomodulatory compounds. For anti-inflammatory 
applications, the Novel Compounds can be used together with anti-Inflammatory agents, e.g.. corlfcosteroids. For anti- 
infective applications, the Novel Compounds can be used in combination with other anti-infective agents, e.g.. anti-viral 
drugs or antibiotics. 

40 The Novel Compounds are administered by any conventional route, in particular enterally, eg. orally, for example 
in the form of solutions lor drinking, tablets or capsules or parenterally. for example in the fbnm of injectable solutions or 
suspensions. Suitable unit dosage forms for oral administration comprise, e.g. from 1 to 50 mg of a compound of the 
Invention, usually 1 to 10 mg. Phanmaceutical compositions comprising the novel compounds may be prepared analo- 
gously to pharmaceutical compositions comprising rapamycin. e.g.. as described in EPA 0 041 795. which wouU be evi- 

45 dent to one skilled in the art 

The pharmacological activity of the Novel Compounds are demonstrated in. e.g., the following tests: 

1. Mixed lymphocyte reaction (MLR) 

so The Mixed Lymphocyte Reaction was originally developed in connection with allografts, to assess the tissue com- 
patibility between potential organ donors and recipients and is one of the best established models of immune reaction 
in vitro. A murine model MLR. e.g. as described by TMeo in "Immunological Methods". L Lefkovits and B. Peris, Eds.. 
Academic Press. N.Y. pp. 227-239 (1979). is used to demonstrate the immunostppressive effect of the Novel Com- 
pounds. Spleen cells (0.5 x 1 0^) from Baftj/c mice (female. 8-1 0 weeks) are co-cncubated for 5 days with 0.5 x 1 0^ irra- 

55 dieted (2000 rads) or mitomycin C treated spleen cells from CBA mce (female. 8-10 weeks). The irradiated allogenTO 
cells induce a proliferative response in the Balb/c spleen cells which can t>e measured by labeled precursor incorpora- 
tion into the DNA. Since the stimulator cells are inadiated (or mitomycin C treated) they do not respond to tiie Bafbic 
cells with proliferation but do retain their antigenicity. The antiproliferative effect of the Novel Compounds on the Balb/c 
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cells is measured at various dilutions and the concentration resulting in 50% inhibition of cell proliferation (IC50) is cal- 
culated. The inhibitory capacity of the test sample may be compared to rapamycin and expressed as a relative IC50 (i.e. 
IC50 test sample/ICso rapamycin). 

5 2. IL-6 mediated proliferation 

The capacity of the Novel Compounds to interfere with growth factor associated signalling pathways is assessed 
using an interIeukin-6 (IL-6)-dependent mouse hybridoma cell line. The assay is performed in 96-well microtiter plates. 
5000 cells/well are cultivated In serum-free medium (as desaibed by M. H. Schreier and R. Tees in immunological 

10 Methods, I. Lefkavits and B. Pemis, eds.. Academic Press 1981, Vol. II, pp. 263-275), supplemented with 1 ng reoonrv 
binant IL-6/ml. Following a 66 hour Incubation In the absence or presence of a test sample, cells are pulsed with 1 ^Ci 
(3-H)-thymidine/well for another 6 hours, han/ested and counted by liquid scintillation. (3-H)-thymidine incorporation 
into DNA con-elates with the increase in cell number and Is thus a measure of cell proliferation. A dilution series of the 
test sample allows the calculation of the concentration resulting in 50% inhibition of cell proliferation (IC50). The inhibl- 

15 tory capacity of the test sample may be compared to rapamycin and expressed as a relative IC^ (i.e. IC50 test sam- 
ple/ICso rapamycin). 

3. Macrophilin binding assay 

20 Rapamycin and the structurally related immunosuppressant, FK-506. are both known to bind in vivo to macrophilin- 
1 2 (also known as FK-506 binding protein or FKBP-1 2). and this binding is thought to be related to the immunosuppres- 
sive activity of these compounds. The Novel CompourKis also birxJ strongly to nf^crophilln-12, as is demonstrated in a 
competitive binding assay. 

In this assay, FK-506 coupled to BSA is used to coat microtiter wells. Bbtinylated recombinant human macrophilin- 
25 12 (biot'MAP) is allowed to bind in the presence or absence of a test sample to the immobilized FK-506. After washing 
(to remove non-spedf ically bound macrophilin). bound biot-fy4AP is assessed by incubation with a streptavidin-alkaline 
phosphatase conjugate, followed by washing and subsequent addition of p-nrtrophenyl phosphate as a substrate. The 
read-out Is the OD at 405nm. Binding of a test sarrple to biot-MAP results In a decrease in the amount of blot-MAP 
bound to the FK-506 and thus in a decrease in the OD405. A dilution series of the test sample allows determination of 
30 the concentration resulting in 50% inhibitbn of the blot-MAP binding to the immobilized FK-506 (ICso). The inhibitory 
capacity of a test sample is compared to the IC50 of free FK-506 as a standard and expressed as a relative tCso (I.e., 
ICso-test sample/ICso -free FK-506). 

4. Localized Graft-Ve rsus-Host fGvH) Reaction 

35 

In vivo efficacy of the Novel Compounds is proved In a suitable animal nxxlel, as described, e.g.. In Foid et al, 
TRANSPLANTATION 10 (1970) 258. Spleen cells (1 x 10^) from 6 week old female Wistar/Furth (WF) rats are injected 
sutxxitaneously on day 0 Into the left hind-paw of female (F344 x WF)F^ rats weighing about lOOg. Animals are treated 
for 4 consecutive days and the popliteal lymph nodes are removed and weighed on day 7. The difference in weight 
40 between the two lymph nodes is taken as the parameter for evaluating the reaction. 

5. Krdnev Allograft Reaction In Rat 

One kklney from a female fisher 344 rat Is transplanted onto the renal vessel of a unilaterally (left side) nephrect- 
45 omized WF recipient rat using an end-to-end anastomosis. Ureteric anastomosis is also end-to-end. Treatment com- 
mences on the day of transplantation and is continued for 14 days. A contralateral nephrectomy is done seven days 
' after transplantation, leaving the recipient relying on the performance of the donor kidney. Survival of the graft recipient 
is taken as the parameter for a functional graft. 

so 6. Experimentally Induced Allergic Enceohalomvelltis fEAB in Rats 

Efficacy of the Novel Compounds in EAE is measured. e.g., by the procedure descn*bed in Levine & Wenk, AMER 
J PATH 42 (1965) 61; McFarlin et al. J IMMUNOL 113(1974) 712; Borel. TRANSPLANT & CLIN. IMMUNOL 13 (1981) 
3. EAE is a widely accepted model for multiple sclerosis. Mate Wistar rats are injected in the hind paws with a mixture 
55 of bovine spinal cord and complete Freund's adjuvant Symptoms of the disease (paralysis of the tail and both hind legs) 
usually develop within 16 days. The number of diseased animals as well as the time of onset of the disease are 
recorded. 
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7. Freund's Adjuvant Arthritis 

Efficacy against experimentally induced arthritis is shown using the procedure described e.g., in Winter & Nuss» 
ARTHRITIS & RHEUMATISM S (1966) 394; Billingham & Davies. HANDBOOK OF EXPERIMENTAL PHARMACOL 

5 Q/ane & Ferreira Eds, Springer- Verlag, Berlin) 50/11 (1979) 108-144. OFA and Wistar rats (male or female, 150g body 
weight) are injected i.e. at the base of the tail or in the hind paw with 0,1 ml of mineral oil containing 0.6 mg of lyophilized 
heat-kllled Mycobacterium smegmatis. In the developing arthritis model, treatment Is started Immediately after the 
injection of the adjuvant (days 1-18): in the established arthritis model treatment is started on day 14, when the sec* 
ondary inflammation is well developed (days 1 4-20). At the end of the experiment, the swelling of the joints is measured 

10 by means of a micro-callper. ED50 is the oral dose in mg/kg which reduces the swelling (primary or secondary) to half 
of that of the controls. 

8. Antitumor and MDR activity 

75 The antitumor activity of the Novel Compounds and their ability to enhance the performance of antitumor agents by 
alleviating multidrug resistance is demonstrated, 6.g., by administration of an anticancer agent. e.g., colchicine or 
etoposlde, to multidrug resistant cells and drug sensitive cells in vitro or to animals having multidrug resistant or drug 
sensitive tumors or infections, with and without co-administration of the Novel Compounds to be tested, and by admin- 
istration of the Novel Compound alone. 

20 Such In vitro testing is performed employing any appropriate drug resistant cell line and control (parental) cell line, 
generated. e.g. as described by Ling et al., J. Cell. Physiol. 8^ 103-1 16 (1974) and Bech-Hansen et al. J. Cell. Physiol. 
^ 23-32 (1976). Particular clones chosen are the multi-drug resistant (e.g. colchicine resistant) line CHR (subclone 
C5S3.2) and the parental, sensitive line AUX B1 (subclone AB1 S1 1). 

In vivo anti-tumor and anti-MDR activity is shown, e.g.. in mice injected with multidrug resistant and drug sensitive 

25 cancer cells. Ehrlich ascites cardnoma (EA) sub-lines resistant to drug substance DR. VC, AM. ET, TE or CC are devel- 
oped by sequential transfer of EA cells to subsequent generations of BALB/c host mice in accordance with the methods 
desaibed by Slater et al.. J. Clin. Invest, 70, 1 131 (1982). 

Equivalent results may be obtained employing the Novel Compounds test models of comparable design. e.g. in 
vitro, or employing test animals infected with drug-resistant and drug sensitive viral strains, antibiotic (e.g. penicitlin) 

30 resistant and sensitive bacterial strains, anti-myootic resistant and sensitive fungal strains as well as drug resistant pro- 
tozoal strains, e.g. PlasnKxiial strains, for example naturally occurring sub-strains of Plasmodium falciparum exhibiting 
acquired chemotherapeutic. anti-malarial drug resistance. 

9. FKBP binding 

35 

Certain of the Novel Compounds are not immunosuppressive, particulariy those which are O-substituted at C28 
only such as 28-O-methyt-rapamycin. IHs can be shown in standard in vitro assays in comparison to FK506 and 
rapamycin. FK506. for example, is known to be a potent inhibitor of IL-2 transcription, as can be shown in an IL-2 
reporter gene assay Rapamydn, although not active in the IL-2 reporter gene assay, strongly inhibits IL-6 dependent 
40 T-cell proliferation. Both compounds are very pwtent inhibitors of the mixed lymphocyte reaction. Nonimmunosuppres- 
sivity can also be shown in the in vivo models 1-7 abova Even those Novel Compounds which are not immunosuppres- 
sive, however, bind to macrophifin. which confers certain utilities in which nonimnrunosuppressivity is an advantage. 

Those of the Novel Compounds which bind strongly to macrophilin and are not themselves immunosuppressive 
can be used in the treatment of overdoses of macrophilin-binding immunosuppressants, such as FK506. rapamycin,- 
45 and the immunosuppressive Novel Compounds. 

10. Steroid potentiation 

The macrophilin binding activity of the hJovel Compounds also makes them useful in enhancing or potentiating the 
so action of corricosteroids. Combined treatment with the compounds of the invention and a corrrcosteroid, such as dex- 
amethasone. results in greatly enhanced steroidal activity This can be shown. e.g.. in the murine mammary tumor 
virus-chloramphenicol acetyltransferase (MMTV-CAT) report gene assay, e.g.. as described in Ning. et al.. J. Biol. 
Chem. (1993) 268: 6073. This synergistic effect allows reduced doses of corticosteroids, thereby redudng the risk of 
side effects in some cases. 

55 

11. Mip and Mio-like factor inhibition 

AdditkHially. the Novel Compounds bind to and block a variety of Mip (macrophage infectivity potentiator) and Mip- 
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like factors, which are structurally similar to macrophilin. Mip and Mlp-like factors ate virulence factors, produced by a 
wide variety of pathogens. Including those of the genera Chlamidia. e.g.» Chlamidia trachomatis: Neisseria, e.g., Neis- 
seria meningitidis: and Legionella. e.g., Legionella pneumophilia: and also by the obligately parasitic members of the 
order Rickettsiales. These factors play a critical role in the establishment of intracellar infection. The efficacy of the 

5 Novel Conrpounds in reducing the infectivity of pathogens which produce Mip or Mip-like factors can be shown by com- 
paring infectivity of the pathogens in cells culture in the presence and absence of the macroiides. e.g.. using the meth- 
ods described in Lundemose, et al., MoL MicrobioL (1993) 7: 777. The nonimmunosuppressive compounds of the 
Invention are preferred for use in this indication for the reason that they are not }mmunosi4)presive, thus they do not 
compromise the body's natural innmune defenses against the pathogens. 

w The Novel Compounds are also useful in assays to detect the presence or amount of macrophilin-binding com- 
pounds, e.g., in competitive assays for diagnostic or saeening purposes. Thus, in another embodiment, the invention 
provides for use of the Novel Compounds as a screening tool to detennine the presence of macrophilin-binding com- 
pounds in a test solution, e.g., tilood, blood serum, or test broth to be sceened. Preferably, a Novel Compound is immo- 
bilized in microtiter wells and then allowed to bind In the presence and absence of a test solution to labelled 

15 macaophilin-12 (FKBP-12). Alternatrvely, the FKBP-12 immobilized In mfcrotiter wells and allowed to bind in the pres- 
ence and absence of a test solution to a Novel Compound which has been labelled, e.g.. fluoro-. enzymatically-or radio- 
labelled, e.g., a Novel Compound which has been O-substituted at C40 and/or C28 with a labelling group. The plates 
are washed and the amount of bound labelled compound is measured. TTie amount of macrophilin-binding substance 
In the test solution is roughly Inversely proportional to the amount of bound labelled compound. For quantitative anafy- 

20 sis. a standard binding curve is nrtade using known concentrations of macrophilin bind compound. 

EXAMPLES: 

In the following examples, characteristic spectroscopic data is given to facilitate kJentificatlon. Peaks which do not 
25 differ significantly from rapamycin are not included. Biological data is expressed as a relative IC50. compared to 
rapamycin in the case of the mixed lymphocyte reaction (MLR) and IL-6 dependent proliferation (IL-6dep. prol.) assays, 
and to FK-506 in the macrophilin binding assay (MBA). A higher IC50 correlates with tower binding affinity. 

Example 1 ; 40-O-Benzyl-rapamycin 

30 

To a stirred solution of 183 mg (0.200 mmol) of rapamycin in 2.1 mL of 2:1 cyclohexane-methylene chloride is 
added 75 jiL (0.402 mmol) of benzyl-trichloroacetimidate. followed by 2.6 nL (29 pmol 15 mol%) of trifluoromethanesul- 
fbnic acid whereupon the nvxture turned immediately yellow. After 3h the mixture is diluted with ethyl acetate and 
quenched with 10% aqueous sodium t>icartx>nate. The layers are separated and the aqueous layer is extracted twtee 
35 with ethyl acetate. The combined organic solution is washed with 10% aqueous sodium bicartxjnate, dried over anhy- 
drous sodium sulfate, filtered and concentirated under reduced pressure. The residue is purified by column chromatog- 
raphy on silica gel (50:50 hexane-ethyl acetate) to afford 40-0-benzyl-rapamycin as a white amorphous solid: NMR 
(CDCI3) 5 0.73 (1H, dd). 1.65 {3H. s), 1.73 (3H. s). 3.12 (4H. s and m). 3.33 (3H. 5). 3.49 (3H. s), 4.15 (1H. bd). 4.65 
(1H. d). 4.71 (1H, d), 7.22-7.38 (5H. m); MS (FAB) m/z 1026 {[M+NaD. 972 ([M-OCHg)]*). 954 aM-{OCH3+H20)n. 

40 

MBA (rel. IC50) 1.8 
IL-6 dep. prol. (rel.lC50) 10 
MLR (rel. IC50) 110 

45 Example 2: 40-O-(4'-Hvdroxvmethvnbenzvl-rapamvcin 

a) 40-O-[4-(t-Butyldimethylsilyl)oxymethyl]benzyl-rapamycin 

To a stirred, cooled (-78°C) solution of 345 \iL (2.0 mmol) of trif lie anhydride in 5 mL of methylene chloride is added 
50 a solution of 504 mg (2.0 mmol) of 4-(t-butyldimethylsilyl)oxymethyl-benzyl alcohol and 820 mg (4.0 mmol) of 2.6-di-t- 
butyl-4-methyl-pyridine in 5 mL of methylene chloride. The resulting mixture is warmed to -20*C arxJ stirring is continued 
at this tenperature for 0.5h. The mixture is then cooled back to • 7d*'C and a solution of 91 4 mg (1 .0 mmol) of rapamycin 
in 5 mL of methylene chloride is added. Thts mixture is aftowed to warm to room temperature overnight and is then 
quenched with 10% aqueous sodium bicartx)nate. The layers are separated and the aqueous layer is extracted with 
55 ethyl acetate. The corrtjined organic solution is washed with saturated txine, dried over sodium sulfate, filtered under 
reduced pressure and concentrated. The residue is purified by column chromatography on silica gel (50:50 hexane- 
ethyl acetate) to afford 40-0[4'-(t-butykJimethylsilyl)oxymethyl]benzyl-rapamycin a w^ite foam: MS (FAB) m/z 1170 
((M+Nan. 1098 ([M-COCHa+HaO)!*). 
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b) 40-O-(4'-HydrQxymethyl)benzyl-rap€imycin 

To a stirred, cooled ((TC) solution of 98 mg (0.093 mmol) of the compound obtained in example 2 in 2 mL of ace- 
tonilrile is added 0.2 mL of HF-pyridine. The resulting mixture is stirred for 2h and quenched with aqueous sodium bicar- 
bonate, then extracted with ethyl acetate. The organic solution is washed with brine, dried over sodium sulfate, ffltered 
and concentrated. The residue is purified by column chromatography on silica gel (20:80 hexane-ethyl acetate) to afford 
the title compound as a white foam: NMR (CDCI3) 60.73 (1H, dd), 1.65 (3H. s). 1.74 (3H. s), 3.22 (1H. m). 4.67 (4H. 
m). 7.35 (4H. m); MS (FAB) mfz 1056 ([M+Na]*), 1002 ([M-OCHg]*). 984 (IM-(OCH3+H20)n. 966 ([M^ 
(OCH3+2H20)n, 934 ([M-(0CH3+CH30H+2H2Or). 

MBA(rel.lC50) 2.7 
IL-6 dep. prol. (rel. IC50) 3.9 
MLR (ret. IC50) 3 

Example 3; 40-0-r4'-f1^>Pihvdroxvethvmben zvi-raDanrnfcin 

a) 40-O-[4*-(2.2-Dimethyl-1 .3-dioxolan-4-yl)]benzyl-rapamycin 

In 10 mL of 1:1 cyclohexane-methylene chloride is dissolved 452 mg (1.24 mmol) of 4-(2,2-cfimethyl-1,3-dioxolan- 
4-yl)benzyl trichloroacetimidate, followed by 0.14 mL (0.64 mmol) of 2,6-di-t-butylpyridine and 56 nL (0.64 mmoQ of tri- 
fluoromethanesulfbnic acid. To this mixture is added a solution of 587 mg (0.64 mmol) of rapamycin in 2 mL of methyl- 
ene chloride. The reaction is stirred overnight at room tenrperature and quenched with aqueous sodium bicarbonate. 
The layers are separated and the aqueous layer is extracted twice with ethyl acetate. The corrtjined organic solution is 
wshed vwth saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated- The residue is purified by 
column chromatography on silica gel (50:50 hexane-ethyl acetate) to give 40-O-[4*-{2.2- Dimethyl -1.3-dioxolan-4- 
yl)]benzyl-rapamycin as a white, amorphous solid: ^ H NfVIR (CDCI3) 6 0.73 ( 1 H, dd). 1 .48 (3H. s), 1 .55 (3H. s), 1 .65 (3H, 
s), 1.74 (3H, s), 3.67 (3H, m). 4.28 (IH. dd). 4.62 (1H. d). 4.69 (1H. d), 5.06 (IH. dd), 7.33 (4H, m); MS (FAB) m/z 1126 
([M+NaD. 1072 aM-OCHs]*), 1054 {[M.(OCH3+H20)r). 1014 ([M{OCH3+CH3COCH3)r). 996 ([M- 
(OCH3+H20+CH3COCH3)r). 978 ([M-(OCH3+2H2<>f CH3COCH3)r). 

b) 40-O-[4*-(1 ,2-Dihydroxyethyl))benzyl-rapamydn 

To a solution of 90.7 mg (0.08 mmol) of 40-O-[4'-(2.2-Dlmethyl-1,3Kjioxolan-4-yl)]benzyl-rapamycin in 4 mL of 
methanol is added 1 mL of IN aqueous HCI. After 2h the mixture is quenched with aqueous sodium bicarbonate and 
extracted twicw with ethyl acetate. The organic solution is washed with brine, dried over anhydrous sodium sulfate and 
concentrated. The residue is purified by column chromatography on silica gel (ethyl acetate) and the title compound is 
obtained as a white foam: NMR (CDCI3) 6 0.73 (IH, dd). 1 .65 (3H. s), 1.74 (3K s). 3.70 (4H. m). 4.63 (1 H d) 4 69 
(IK d), 4.80 (IH. dd). 7.33 (4H, m); MS (FAB) m/z 1086 ([M+NaD. 1032 ttM-OCHaJ*). 1014 (rM-(OCH3+Ho6)r). 996 
aM^OCH^2H20)n. XI V 3 2 ;j /. 

MBA (rel- IC50) 0.92 
IL-6 dep. prol. (rel. iC50) 10.5 
MLR (rel. IC50) 22 

Example 4: 4Q-0-Aflvl-rapamvcin 

To a stirred, cooled (-78^C) solution of 0.33 mL (2.01 mmol) of triflic anhydride in 10 mL of methylene chloride is 
slowly added a solution of 0.14 mL (2.06 mmol) of allyl alcohol and 0.42 g (2.04 mmol) of 2.6^i-t-butyl-4-melhylpyridine 
in 5 mL of methylene chloride. The resulting greenish solution is stirred for 1.5h and a solution of 915 mg (1.00 mmol) 
of rapamycin and 0.42 g (2.04 mmoQ of 2,6-di-t-butyl-4-methyl-pyridine in 5 mL of methylene chloride is added. Stirring 
is continued for 0.5h at -78^C and then the mixture is warmed to room tenperature. After one more hour the mixture is 
quenched with aqueous sodium bicartxjnate and the layers are separated. The aqueous layer is extracted twice with 
ethyl acetate. The combined organic solution is washed with aqueous sodium blcartx)nate and brine, dried over anhy- 
drous sodium sulfate, filtered and concentrated. The resulting green oU is purified by column chromatography on silica 
gel (60:40 hexane-ethyl acetate) to afford the title compound as a colorless, amorphous solid: ^H NMR (CDCI3) S 0 72 
(IH, dd). 1.65 (3H, s). 1.74 (3H, s). 3.05 (IH, m). 4.13 (2H. bd). 5.14 (2H. m), 5.27 (2H. m). 5.92 (2H. m); MS (FAB) m/z 
976 ([M+Na]*). 922 ((MOCHsD. 904 ([MHOCHj+HaO)]^). 886 ([M-(OCH3+2H20))^). 872 ([M (2CH30H+OH)r). 854 
([M.(OCH3+CH30H+2H20)n. 
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MBA (rel, IC50) 1 
IL-6dep.prol.(rel.IC50) 8 
MLR (rel. IC50) 260 

5 Example 5: 40-O-r3'-f2.2-D!methvM .3-diOxolai>4(SVvl-prop-2*-en-1 '>yll-rapamycm 

To a stirred, cooled (•78**C) solution of 0.64 g (4.00 mmol) of E-(4S)-4,5-0,0-isopropylidene-pent-2-en-1,4,5-triol 
and 1 .28 g (6.00 mmol) of 2.6-di-t-bulyl-4-methyl-pyridine in 20 mL of methylene chloride is added 0.82 mL (5.00 mmol) 
of tr'rflic anhydride. The resulting mixture is stirred at this temperature for 2h and a solution of 1 .82 g (2.00 mmol) of 

JO rapamycin and 1.26 g (6,00 mmol) of 2,6-di-t-butyl-4-methyl-pyridin€ in 5 mL of methylene chloride is added. The mix- 
ture is allowed to gradually warm to room temperature overnight and is then quenched with aqueous sodium bicarbo- 
nate. The layers are separated and the aqueous layer is extracted three times with ethyl acetate. The organic solution 
is washed with aqueous sodium bicarbonate and brine, dried over anhydrous sodium sulfate, filtered and concentrated. 
The residue is purified by column chromatography on silica gel (40:60 hexane-ethyl acetate) to afford the title com- 

15 poundasawhitesolid:^HNMR(CDCl3)50.72(1H,dd),1.38(3H.s), 1.42(3H,s). 1.65(3H,s), 1.73 (3K s), 3.06 (1H. 
m). 3.58 (2H, m). 4.08 (1K dd). 4.15 (2H. m). 4.52 (1H, bdd), 5.72 (IH, m), 5.88 (1H, m); MS (FAB) m/z 1076 ([M+Na]*), 
1022 ([M-OCHsD. 1004 ([M ^OCHa+HgO)]*). 964 {IM-(OCH3+CH3COCH3)r). 946 ([M-(OCH3+H20+CH3COCH3)]*), 
946 ([M-(OCH3+2H20+ CHgCpCHg)]*). 

20 MBA(reLIC50) 0.64 
IL-6dep. prol. (rel. IC50) 11 
MLR (rel. IC50) 8 

Example 6: (2 E. 4*S V40-O-(4'.5'-Dlhydroxypent-2^en-r-y»-fapaniycin 

25 

The conditions described in example 3, step b) applied to the compound obtained In in the previous example, fbl* 
lowed by purification through column chromatography on silica gel (95:5 ethyl acetate-methand) afford the title com- 
pound as a white foam: ''H NMR (CDQg) 5 0.68 (1H, dd). 3.04 (1H. m). 4.18 (5H. m). 5.75 (1H. dd), 5.88 (1H. m); MS 
(FAB) m/z 1036 ([M+Na]*), 1013 (M+). 995 ([M-HaOn. 982 ([M-OCHaD. 964 (IM-(OCH3+H20)n. 946 ([M- 
30 (OCHa+aHgO)]*). 832 ([M-(2CH30KiOH)n, 91 4 ([M-{OCH3+CH30H+2H20)]*). 

MBA (rel. IC50) 1.7 
IL-6 dep. prol. (rel. IC50) 1 2 
MLR (rel. IC50) 3.5 

35 

Example 7: 40-O-(2>Hydroxv>ethoxvcarbonylmethyNrapamvcin 
a) 40-O-[2-(t-Butyldimethytsilyl)oxy]ethoxycarbonylmetfiyl-rapamycin 

40 To a stined solution of 2.74 g (3.00 mmol) of rapamycin and 30 mg (0.06 mmol) of dirhodium tetraacetate dihydrate 
in 30 mL of methylene chloride is added a solution of 0.38 mL (3.60 mmol) of 2-(t-lxjtyldimethylsilyl)Qxyethyl diazoace- 
tate in 10 mL of methylene chloride over 5h. After the addition is complete stimng is continued for one more hour, then 
the reaction is quenched with 1 N aq. Hd. The layers are separated and tiie aqueous layer is extracted with ethyl ace- 
tate. The combined organic solution is washed with aq. sodium bicart>onate and brine, dried over anhydrous sodium 

45 sulfate, filtered and concentrated. The residue is purified by column chromatography on silica gel (40:60 hexane-ethyl 
acetate) yielding 40-O-[2-(t-butytdimethylsilyl)oxy]ethoxycarbonylmethyl-rapamycin: NMR (CDCla) 6 0.06 (6H. s). 
0.68 (1H. dd). 0.88 (9H, s). 1.64 (3H. s). 1.73 (3H. s), 3.12 (5H. s and m), 3.81 (2H, dd). 4.19 (2H. dd). 4.32 (2H, s); MS 
(FAB) m/z 1152 ([M+NaD. 1080 ([M-(OCH3+H20)n. 

50 b) 40-0(2-Hydroxy)^Qxycalbonylmethyl-rapamyctn 

To a stirred, cooled (0'*C) solution of 81 mg (0.07 mmd) ci 40-0-[2-(t-butyldimethylsilyl)oxyJethoxycarbonylmethyl- 
rapamycin in 1 .5 mL of acetonitrile is added 0. 1 5 mL of HF-pyridine. After 2h the reaction is quenched with aq. sodium 
bicadbonate. The mixture is extracted with ethyl acetate. The organic solution is washed with brine, dried over anhy- 
55 drous sodium sulfate, filtered and concentrated. The residue is purified by PTLC (ethyl acetate) to afford the title com- 
pound as a white solid: NMR (CDCI3) 5 0.70 (1H. dd). 1.65 (3H s), 1.75 (3H, s), 3.13 (5H, s and m), 3.85 (3H. m), 
4.25 (5H. m): MS (FAB) m/z 1038 ([M+Na]*). 984 ([M-OCHg]*). 966 ((M-((OCH3+h4o)r). 948 ((M-(OCH3+2H20)n. 
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MBA(reLIC50) 4 
IL-6dep.prol.{rel. IC50) 9.7 
MLR (rel. IC50) 2.1 

5 Example 8; 4Q-0-(2'HYdroxv^ethvl'rapamyciii 

a)40-O-[2-{t-Bulyldimethylsllyl)oxy]ethyl-rapamycin 

A solution of 9.14 g (10 mmol) of rapamycin and 4.70 mL (40 mmoQ of 2.6-iutidine in 30 mL of tofuene is warmed 
10 to 60»C and a solution of 6. 17 g (20 mmol) of 2-(t-butyldlmethylsilyl)a)cyethyl triflate and 2.35 mL (20 mmol) of 2,6-luti- 
dine in 20 mL of toluene is added TTiis mixture is stinred for 1 .5h. Then two batches of a solution of 3.08 g (10 mmol) of 
triflate and 1.2 mL (10 mmol) of 2,6-!utidine in 10 mL of toluene are added in a 1.5h Interval. After addition of the last 
batch, stining is continued at 60°C for 2h and the resulting brown suspension is filtered. The filtrate is diluted with ethyl 
acetate and washed with aq. sodium bicartx}nate and brine. The organic solution is dried over anhydrous sodium sul- 
IS fate, filtered and concentrated. The residue is purified by column chromatography on silica gel (40:60 hexane-ethyl ace- 
tate) to afford 40-O-{2-(t-buty!dimethylsilyl)oxy]ethyl-rapamydn as a white solid: NMR (CDCOa) 6 0.06 (6H. s). 0.72 
(IH. dd), 0.90 (9H. s). 1.65 (3H, s), 1.75 (3H, s), 3.02 (1H, m), 3.63 (3H, m). 3.72 (3H. m); MS (FAB) m/z 1094 
(IM+NaD. 1022 ([M-(OCH3+H20)r). 

20 b) 40-0-(2-Hydroxy)ethyl-rapamycin 

To a stirred, cooled (CC) solution of 4.5 g (4.2 mmol) of 40-O-[2-(t-butyldimethylsilyqaxy]ethyl-rapamycin in 20 mL 
of metiianol is added 2 mL of 1 N HCI. This solution is stined for 2h and neutralized with aq. sodium bicarbonata The 
mixture is extracted with three portions of ethyl acetate. The organic solution is washed with aq. sodium bicarbonate 
25 and brine, dried over anhydrous sodium sulfate, filtered and concentrated. Purification by column chromatography on 
silica gd (ethyl acetate) gave the title compound as a white solid: NMR (CDCI3) 6 0.72 (1 H, dd), 1.65 (3H. s), 1.75 
(3H, s), 3.13 (5H, s and m), 3.52-3.91 (8H, m); MS (FAB) m/z 980 ([M+Na]*). 926 ([M-OCH3]*), 908 ([M- 
(OCH3+H2O)]*). 890 (IM-(OCH3+2H20)r). 876 ([M-(2CH30H+OH)]*). 858 {[M-(OCH3+CH30H+2H20)n. 

30 MBA(rel. 1C50) 2.2 
IL-6dep.prol.(rel. IC50) 2.8 
MLB (rel. IC50) 3.4 

Example 9: 4Q-0'(3-Hydroxy) prQ pyl-rapamycln 

35 

a) 40-O-[3-(t-Bulyldimelhylsilyl)oxy]propyl-rapamycin 

The same procedure as described in example 8, step a) using 3'(t-butytcfimethylsilyl)oxyprop-1 -yl triflate affords 40- 
(>[3-(l-butyldmetiiyteilyl)oxylpropyl-rapan^cin: NMR (CDCI3) 6 0.05 (6H, s). 0,72 (IH. dd). 0.90 (9H. s). 1.65 (3H, 
40 ' s). 1.74 (3H. s). 1.77 (2H, m). 3.03 (IH. m). 3.52-3.73 (7H, m); MS (FAB) m/z 1108 ([M+Naf). 1036 ([M- 
(OCHg+HgO)]*). 

b) 40-O-(3-Hydroxy)propyl-rapamycin 

45 Treatment of the compound obtained in step a) in tiie conditions described in example 8, step b) yields the titie com- 
pound: ^H NMR (CDCI3) 8 0.72 (1H. dd). 1.65 (3H. s). 1.75 (3H. s). 1.80 (2H, m). 3.05 (IH. m). 3.55-3.91 (8H. m); MS 
(FAB) m/z 994. ([M<.Nar). 940 OM-OCHaJ*), 922 ([M*(OCH3+H20)]*). 904 ([M-(OCH3+2H20)n. 872 ([M- 
(OCH3+CH30H+2H20)J*). 

50 MBA(rel. IC50) 1.6 
IL-6 dep. prol. (rel. IC50) 2.7 
MLR (rel. IC50) 11 

Example 10: 40-O-(6-HvdroxY)hexvl-rapamvcin 

55 

a) 40-O-[6-(t-Butyldimethylsilyl)axy]hexyl-rapainycin 

The same procedure as descrft>ed in example 8, step a) using 6-(t-butyldimethylsilyQoxyhexl -yl triflate affords 40-O-{6- 
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{t-Butyldimethylsilyl)oxy]hexyl-rapamycin: MS (FAB) m/z 1150 ([M+Na]*). 

b) 40-O-(6-Hydroxy)hexyl-rapamycin 

Treatment of the connpound obtained in step a) in the conditions described in exaniple 8» step b) yields the title com- 
pound: NMR (CDCI3) 6 0.72 (1H, dd), 1.38 (2H, m), 1.57 (4H. m), 1.65 (3H. s), 1.74 (3H. s), 3.02 (1H. m), 3.49-3.72 
(8H. m); MS (FAB) nVz 1036 ([M+Na]*), 982 ([M-OCH3I*), 964 (tM-(OCH3+H20)n. 946 aM-(OCH3+2H20)]*). 914 ([M- 
(OCH3+CH30H+2H20)r). 

MBA (rel. IG50) 0.8 
IL-6dep.prol.(re!. IC50) 8.5 
MLR (rel. IC50) 18 

gxarpple II ; 40-O-[2-(2-HydrQyy)?thpxylet hyl-r9 p9m ycin 

a) 40<)-[2-(t-Butyldirnethylsilyl)oxyethoxy]elhyl-raparnydn 

The same procedure as described in example 8» step a) using 2-[2-(t-butyldjmethylsilyl)oxyethoxy)ethyl triflate affords 
40-O-I2-(t-butyldimethylsilyi)oxyethQxy]ethyl-rapamycin: NMR (CDCI3) 5 0.06 (6H. s). 0.71 (1H. dd), 0.88 (9H, s), 
1.65 (3H. s). 1.74 (3H. s), 3.07 (1H, m). 3.51-3.79 (11H. m): MS (FAB) m/z 1138 ([M+NaD. 1115 (M*), 1097 ([M- 
H2O]*), 1084 ([M-OCHa]^). 1066 ([M-(OCH3+H20)r). 1048 ([M-(OCH3+2H20)n, 1034 (IM-(2CH30H+OH)r), 1016 
([M-(0CH3+CH3OH+2H2O)]+). 

b) 40-O-[2-(2-Hydroxy)ethoxyJethyl-rapamycin 

Treatment of the compound obtained in step a) in the conditions described in example 8, step b) yields the title com- 
pound: NMR (CDCI3) 6 0.72 (1H. dd), 1.65 (3H. s), 1.74 (3H, s). 3.05 (1H, m). 3.51-3.77 (11H. m); MS (FAB) m/z 
1024 ttM+Na]*), 1001 (M^). 983 ([M-hfgOn. 970 aM-OCHan. 952 {[M-(OCH3+H20)]*). 934 ([M-(OCH3+2H20)n. 920 
([M-(2CH30H+OH)]*). 902 ([M-(OCH3+CH30H+2H20)r). 

MBA (rel. IC50) 1.2 
IL-6 dep. proL (rel. IC50) 3.2 
MLR (rel. IC50) 2 

Example 12: 4(KO-ff3S)-2.2>Dim6thvidloxoian-3-vl]methv»-rapamycin 

The same procedure as described in example 8, step a) using the triflate of glycerol acetonide affords the nine 
compound: NMR (CDQa) 5 0.72 (IH, dd), 1.36 (3H, s). 1.42 (3H, s), 1.65 (3H, s), 1.75 (3H. s), 3.06 (1H, m). 3.55 
(2H. m). 3.69 (3H. m). 4.06 (IH. dd). 4.26 (IK m); MS (FAB) mfe 1050 ([M+Na]*). 996 ([M-OCHs]*). 978 ([M- 
(OCH3+H20)r). 960 ([M-(OCH3+2H20)J*). 

MBA (rel. IC50) 0.9 
IL-6dep.proL(rel. IC50) 8 
MLR (rel. IC50) 290 

Example 13: 4()-0-rf2SV2.3-Dihydroxyprop-1>yn-rapainycin 

Treatment of the compound obtained in the previous example in the conditions described in example 3 yields the 
title compound: NMR (CDCI3) 5 0.72 (IH, dd). 1.65 (3H. s), 1.75 (3H, s), 3.07 (IH. m). 3.68 (8H, m); MS (FAB) m/z 
1010 ([M4-Nan. 956 ([M-OCHaD. 938 ([M-(OCH3+H20)]*). 920 ([M-(OCH3+2H20)l*), 888 aM-(OCH3+CH30H 
2H2O))*). 

MBA (rel. IC50) 0.67 
IL-6dep.proL(rel. IC50) 9 
MLR (rel. IC50) 10 
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Example 14: 4 0-Q-f2-Acetoxytetliyl-raDamvcin 

To a stirred, cooled (0*»C) solution of 53 mg (0.055 mmol) of 40-O-hydroxyethylrapamydn in 2 mL of methylene 
chloride is added 0.2 mL of pyridine followed by 0.02 mL (0.281 mmol) of acetyl chloride. The mixture is stirred for 3h 
and diluted with ethyl acetate, then washed with aq. sodium bicartxMiate. cold 1 N HCI and again with aq. sodum bicar- 
bonate. The organic solution is dried over anhydrous sodium sulfate, filtered and concentrated. The residue is purified 
by column chromatography on silica gel (30:70 hexane-ethyl acetate) to afford the title compound as a white solid: 
NMR (CDCI3) 6 0.72 (1H. dd). 1.65 (3H, s), 1.75 (3H, s), 2.08 (3H, s). 3.07 (1H. m). 3.78 (2H, dd). 4.20 (2H, dd); MS 
(FAB) nVz 1022 ([M+Na]*), 999 (M*). 982 QM-OHD, 968 ([M-OCH3J*). 950 ([{^-(OCHa+HgO)]*), 932 ([M- 
(OCH3+2H20)r). 918 ([M-(2CH30H+OH)r). 900 ([M-(OCH3+CH30H+2H20)n. 

MBA(rel. IC50) 2 
IL-6 dep. proL (rel. IC50) 7.6 
MLR (rel. IC50) 3.6 

Exampifl 15: 40-O-f2-Nicot inQyloxy)Bttiyl>rapainvcin 

The same procedure as desaibed in the previous example using nicotinoyi chloride hydrochloride affords the title 
compound: NMR (CDCI3) 6 0.72 (1K dd), 1.65 (3H,s), 1.75 (3H.s). 3.07 (IH.m). 3.94 (2H, dd). 4.49 (2H. t). 7.39 
(1 H. dd), 8.31 (1 H, ddd). 8.78 (1 H, ddd). 9.24 (1 H. dd): MS (FAB) m/i 1085 (IM+NaD. 1063 QM+H]*). 1045 ([M-OH]*), 
1031 ([M-OCH3]*). 1013 ([M-(OCH3+H20)]*). 

MBA(rel. IC50) 1.1 
IL-6dep.proL(rel. IC50) 6.9 
MLR (rel. IC50) 5 

Exampie 16: 40-0-r2-fN-MorDhonnotocetoxv1ethvl-rapamvcin 

a) 40-0-(2-Bromoacetoxy)ethylHrapamycin 

The same procedure as described in example 14 using bromoacetyl chloride affords 40-O-(2-bromoacetoxy)ethyl- 
rapamycin: ''H NMR (CDCI3) 5 0.72 (1H. dd), 1.67 (3H, s). 1.76 (3H, s), 3.03 (1H. m). 3.82 (2H. m), 3.87 (2H. s). 4.31 
(2H. m): MS (FAB) m/i 1 100. 1102 ([M+NaD. 1077 (M*). 1061 ([M-HaOD. 1046. 1048 ttM-OCHan. 1028. 1030 ([M- 
(OCHg+HsO)]*), 1012 ([M-(OCH3+2H20)]*). 996 ttM-(2CH30H+OH)r), 980 ([M-(0CH3+ CHaOH+aHgO)!^). 

b) 40-O-[2-(N-MorphoIino)acetoxy]ethyl-rapamycin 

To a stirred, cooled (-45'*C) solution of 64 mg (0,05 mmol) of 40-O-(2-bromoacetoxy)ethyl'rapamycin in 0.5 mL of 
DMF is added a solution of 0.022 mL (0.25 mmol) of morpholine in 0.2 mL of DMF and the resulting mixture is stin^ed 
at that temperature for 1h, then treated with aq. sodium bicartx)nate. This mixture is extracted three times with ethyl 
acetate. The organic solution is washed with brine, dried over anhydrous sodium sulfate, filtered and concentrated. The 
residue is purified by column chromatography on silica gel (95:5 ethyl acetate-melhanoQ yielding the title compound as 
an amorphous white solid: NMR (CDQa) 5 0.72 (1H. dd). 1.67 (3H. s). 1.76 (3H. s). 2.60 (3K m), 3.07 (1H. m). 3.24 
(2H. s). 3.78 (8H. m), 4.27 (2H. t); MS (FAB) m/z 1 107 ([M+NaH, 1085 ([M+HT), 1067 ([M-OHH. 1053 ([M-OCH3I*). 
1035aM-(OCH3+H2O)n. 

MBA(rel. IC50) 1.3 
IL-6dep.prol.(rel. IC50) 4 
MLR (rel IC50) 3.5 

Example 17: 40-O-(2-N-lmidazolvlacetoxv)ethyl-rapamycln 

The same procedure as described in example 16. step b) using imidazole affords the nine compound: NMR 
(CDCI3) 6 0.72 (1 H. dd), 1 .67 (3H. s). 1 .78 {3H, s), 3.06 (1 H, m). 3.80 (2H. m). 4.32 (2H. m). 4.73 (2H, s). 6.97 (1 H. dd). 
7.09 (1H. dd). 7.52 (1H. dd): MS (FAB) m/z 1066 ([M+H]*). 1048 ([M-OHT). 1034 (IM-OCHaT). 1016 ([M-(0CH3+ 
HaOD- MBA (rel. IC50) 

IL-6 dep. pro!, (rel. IC50) 7.6 
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MLR(rel.lC50) 3.4 

EyannDle 18: 40-O-r2-fNMethvl-N'-piDerazinvnacrtoxv1ethvi-rapanwcin 

5 The same procedure as described In example 1 6, step b) using N-methylpiperazine affords the nine corrpound: ^ H 
NMR (CDOs) 6 0.72 (1 H. dd). 1 .67 (3H, s). 1 .77 (3H. s). 2.78 {4H, s and m). 3.02 (4H. bs), 3.08 (1H. m). 3.32 (2H. s). 
3.80 {2H, dd), 4.27 (2H. t); MS (FAB) m/z 1098 {[M+H]*). 1066 ([M-OCHar). 

MBA(rel. IC50) 2.6 
10 IL-6 dep. prol. (rel. IC50) 10.3 
MLR(rel.iC50) 5 

Exampie 19: 39-O->Desmethvl>39.40-O.O-ethvlene-raDamvcin 

15 To a stirred, cooled (-20*C) solution of 48 mg (0.05 mnwl) of 40-O-hydrDxyethyl-rapamycin and 0.023 mL (0.20 
mmol) of 2.6-lutidlne In 0.5 mL of methylene chloride Is added 0.008 mL (0.05 mmol) of trif lie anhydrida The rrixture is 
stirred at this temperature for 2h. then allowed to wami to room temperature and stirred for one more hour. The reaction 
is quenched with aq. sodium bicartx>nate and the resulting mixture is extracted with three portions of ethyl acetate. The 
organic solution is washed with brine, dried over anhydrous sodium sulfate, ffltered and concentrated. The residue Is 

20 purified by column chromatography on silica gel (30:70 hexane-ethyl acetate) to afford the title compound as a white 
solid: NMR (CDCy 6 1.66 (3H. s). 1.75 (3H, s). 3.14 (3H. s). 3.35 (3H. s). 3.76 (4H. s): MS (FAB) m/z 948 ([M+NaD. 
925 (M+), 908 ([M-OHn. 894 ([M-OCH3I+), 876 (IM-(0CH3+H20)r). 858 ([M-(OCH3+ 2Hfi)ri 844 ([M- 
(2CH30H+OH)n. 826 ([M-(OCH3+CH20H+2H20)n. 

25 MBA (rel. IC50) 1.6 
IL-6 dep. proL (rel. IC50) 22.9 
MLR (rel. IC50) 16 

Example 20: f26RV26>Dlhydro-40-O-(2 »hvdroxvWthvl-raDamvcln 

30 

a) (26R)-26-Dihydro-40-O-[2-(t-Butyldimethyisilyloxy)]ethyl-rapamycin 

In 4.5 mL of 2:1 acetonitrile-acetic acid is dissolved 315 mg (1.2 mnx>l) of tetramethylammonium-triacetoxyborohy- 
dride. The resulting solution is stirred for 1h at room temperature and cooled to -35"C, then 161 mg (0.15 mmd) of 40- 

35 0-[2-(t-butyldimethylsnyl)oxy]ethyl-rapanr!ycin is added. The resulting mixture is stirred at the same temperature over- 
night and is quenched by the addition of aq. sodium bicaitx>nate. The mixture is extracted with the portions of ethyl ace- 
tate. The organic solution is washed with aq. sodium bicartwnate. two portions of 30% aq. Rochelle's salt arxi brine, 
dried over anhydrous sodium sulfate, filtered and concentrated. The residue is purified by column chromatography on 
silica gel (40:60 hexane-ethyl acetate) to afford the title compound as a white solid: NMR (CDCI3) 5 0.06 (6H, s), 

40 0.73 (1 H, dd), 0.90 (9H. s). 1 .64 (3H. s), 1 .67 (3H, s), 3.02 (1 H. m), 3. 1 5 (1 H, m). 3.64 (3H. m). 3.71 (2H. dd). 3.91 ( 1 H, 
s); MS (FAB) m/z 1096 flM+NaD. 1041 ([M-HOCH3I*). 1024 ([M-(OCH3+H20)]*). 1006 aM-(CX)H3+2H20)n, 974 ([M- 
(OCH3+CH30l4f2H20)n. 

b) (26R)-26-Dlhydro-40-0-(2-hydroxy)elhyl-rapamycin 

45 

Treatment of the corrpound obtained in step a) in the conditions desaibed in example 8. step b) yields the titie com- 
pound: NMR (CDCI3) 8 0.75 (1H. dd), 1.66 (3H, s). 1.70 (3H. s), 3.18 (1H. m). 3.52-3.84 (7H. m): MS (FAB) m/z 982 
([M+Nan. 928 ([MOCHaH. 910 ((M-(OCH3+H20)r). 892 ((M-(OCH3+2H20)n. 

50 MBA (rel. IC50) 3.9 
IL-6 dep. prol. (rel. IC50) 53 
MLR (rel. IC50) 18 

Example 21 : 28-O-Methvl-raDamvcin 

55 

To a stirred solution of 103 mg (0.1 mnrol) of 40-O-TBS-rapamycin (obtained by silylation of rapamydn with 1 eq. 
of TBS Inflate in methylene chloride in the presence of 2 eq. of 2.6-lutidine at O^C) in 0.5 mL of methylene chloride Is 
added 85.8 mg (0.40 mmol) of proton sponge followed by 44 mg (0.30 mmol) of trimethyloxonium tetraf luoroborate. The 
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resulting brown heterogeneous mixture is stirred overnight, quenched with aq. sodum bicarbonate and extracted with 
ethyl acetate. The organic solution is washed with 1 N HCI. aq. sodium bicarbonate and brine, then dried over anhydrous 
sodium sulfate, filtered and concentrated: The residue is purified by column chromatography on silica gel (60:40 hexa- 
neethyl acetate) to afford 40-O-t-butyldimethylsilyl-28-O-methyl-rapamycin. The latter compound is desilylated in the 
5 conditions described in example 1 0, step b) to afford, after PTLC (ethyl acetate), the title compound as a white solid: ^ H 
NMR (CDCI3) 5 0.70 (1H, dd), 1.68 (6H, 2s). 2.95 (1H. m), 3.13 (3H. s), 3.14 (3H, s). 3.28 (3H. s). 3.41 (3H, s); MS 
(FAB) m/z 950 ([M+NaD. 927 (M*), 909 ([M-HgOJ*), 896 ([M-OCHa]*), 878 ([MKOCHa+HgO)]^), 864 ([N4-(OCH3+ 
CHaOhflD. 846 ([M-(2CH30H+OH)n. 832 ([M-(OCH3+2CH30H)n. 814 ([M-(3CH30H+ OH)]*). 

10 MBA(rei. IC50) 1.58 
IL-6 dep. prol. (rel. IC50) 1240 
MLR (rel. IC50) 1300 

Example 22: 40-Q-f2-amin oethyl)-rapamycln 

15 

a) 40-O-(2-bromoethyf)-rapamycin 

A solution of 914 mg rapamycin in 5 ml toluene containing 0.64 ml of 2,6-liJtidine and 1 .28 g of 2-bfonrx)ethyl trrflate 
is heated at 65 C for 18 h. The reaction mixture is then cooled to room temperature, poured on 20 ml of a saturated 
20 bicarbonate solution and extracted with 3x 20 mL ethyl acetate. The organic phases are dried over sodium cart)onate 
and the solvent renxsved at reduced pressure on the rotatory evaporator. The residue is chromatographed on 100 g sil- 
ica gel, eluting with hexane/ethyl acetate 3/2 to afford 40-0-(2-bromoetfTyl)-rapamycin as an amorphous solid: MS 
(FAB) m/z 1044 and 1042 (100%: M+Na); 972 and 970 (55%. M-(MeOH-fH20)). 

H-NMR (CDCI3) d: 0.72 (1H. q. J=12 Hz); 3.13 (3H. s); 3,33 (3H, s): 3.45 (3H.s); 3.9 (4H, m); 4.78 (1H, s) 

25 

b) 40-O-(2-azidoethyl)-rapamycin 

A solution of 2.4 g of 40-O-(2-bromoethyl)-rapamycin in 40 mL DMF Is treated with 0.19 g sodium azide at room 
temperature. After 2h. the mixture is poured on 100 mL of saturated sodium bicartx>naJe and extracted with 3x 100 mL 
30 ethyl acetate. The organic phases are combined, dried over sodium sulfate and the solvent removed under reduced 
pressure. The crude product is purified by chromatography on silica gel eluting with hexane/ethyt acetate to afford 40- 
0-(2-azidoelhyl)-rapamydn: MS (FAB): 1005 (100%. M+Na); 951 (24%. M-MeOH); 933 (57%, M-(MeOH+H20) 

c) 40-0(2-aminoethyl)-rapamycin 

35 

To a solution of 230 mg 40-0-(azidoethyl)-rapamycin in 3 mL of THF/water 5/1 at room temperature are added 307 
mg of triphenylphosphine. The reaction mixture is becomes yellow. After 7 h, the reaction mixture is loaded on x g silica! 
gel and chromatographed with ethyl acetateAnethanol/acetic acid 50/50/0.5 to afford the title product in the form of its 
acetate: MS (FAB) m/z 979 (45%. M^a); 957 (100%. MH); 925 (63%, M-MeOH); 907 (25%. M-(MeOH+H20) 

40 

MBA(reLIC50): 0.7 
tL-6dep.prol. (rel. IC50): 10 

Example 23: 40-O-f2-acetaminoethYl >-rapamvdn 

45 

To a solution of 101 mg of the acetate of 40'O-(2-aminoethyl)-rapamycin in 2 mL THF are added 0.02 mL pyridine 
and 0.07 mL acetyl chloride. The reaction mixture is kept at room temperature for 1 8h and then poured on 7 mL satu- 
rated sodium bicart)onate. The aqueous phase is extracted 3x with 5 mL ettiyl acetate, the organic phases are com- 
t)ined and dried over sodium sulfate. The solvent is evaporated ad the residue chromatographed on 10 g silica gel 
so eluting first with ethyl acetate followed by ethyl acetate/methanol/acetic acid 50/50/0.5 to afford the nine product: MS 
(FAB) m/z 1021 (20%. M+Na); 967 (28%. M-MeOH): 949 (100%. M-(MeOH+H20) 
H-NMR (COaS) d: 071 (1H. q, J=12 Hz); 1.98 (3K s); 3.13 (3H. s); 3.34 (3H. s); 3.44 (3H. s); 4.75 (1 H, s) 

MBA (rel. IC50): 1.1 
55 IL-6 dep. prol. (rel. IC50): 2.3 
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Example 24: 40-O-f2-nicotinami(toe thyn rapamycin 

101 mg of 40-(2-aminoethyI)-fapamycin acetate are dissolved in 5 ml ethyi acetate and extracted 2x with saturated 
sodium bicaibonate. The organic phase is dried over sodium sulfate and the solvent evaporated. The residue is dis- 
solved in 2 mL THF and treated with 22 mg DCC and 15 mg nicotinic acid. After 15h at room temperate the reaction 
mixture Is evaporated and the residue chromatographed on silica gel, eluting with ethyl acetate followed by ethyl ace- 
taleAnethanol 9/1, to afford the title product: MS (FAB) m/z 1084 (80%. M+Na); 1062 (40%, MH); 1038 (100%. M- 
MeOH); 1012 (50%, M-(l^eOH+H20) H-NMR (CDCI3) d: 0.72 (1 H, q. J=12 Hz); 3.13 (3H, s); 3.33 (3H. s); 3.37 (3H. 6): 
7.39 (1H. dd; J=6 Hz. J=8 Hz). 8.19 (1H, d. J=:8 Hz); 8.75 (1H. d. J=6 Hz); 9.04 (1 H, broad s) 

MBA (rel. IC50): 1.2 
IL-6dep.prol. (rel, IC50): 2.8 

Example 25: 4Q-0-(2-N-Methyl-imidazo-2'-Ylcarboxamido)ethyl)-rapanivcln 

15 

To a solution of 30 mg N-methylHmidazol-2-cafboxylic add in 1 mL DMF are added 58 mg DCC and 58 mg HOBT, 
Alter 2h. 150 mg 40-O-(2-aminoethyl)-rapamycin are added and the reaction mixture is stirred for 18h at room tenper- 
ature. The suspension is then filtered, the filtrate diluted with 5 mL ethyl acetate and washed with 2x 2 mL of a saturated 
aqueous bicartxjnate solution. The organic phase is dried over sodium sulfate arxJ the solvent evaporated under 
20 reduced pressure. The residue is chromatographed over 10 silica gel. eluting with hexane/ethyt acetate 1/4 arKi then 
ethyl acetate to afford the title product: 

MS (FAB) m/z 1087 (36%. M+Na); 1065 (57%.MH); 1033 (100%. M-MeOH); 1015 (46%. M-(MeOH+H20)) 

H-NMR (CDCI3) d: 0.72 (1 H, q. J=:12 Hz); 3.13 (3H. s); 3.33 (3H. s); 3.46 (3H. s); 4.03 (3H. s); 6.93 (1H. broad s); 6.98 

(1H. broads); 7.78 (IH.m) 

25 

MBA (rel. IC50): 1.1 
IL-6dep.prol.{rel. IC50): 7 

Example 26: 40-0-f2- elhoxvcart>onylamlnoethylVrapamycln 

A solution of 200 mg 40-O-{2-azidoelhyl)-rapamycln in 3 mL THF^/ater 5/1 is treated with 267 mg triphenyiphos- 
phine for 7h at room temperature. Then 0.4 mL pyridine are added followd by 194 ^L ethyl chloroformiate. After 2 h. the 
reaction mixture is poured on 5 ml ethyl acetate and washed successively with 10 mL saturated sodium bicarbonate, 5 
mL water and 5 mL 10% citric add. The organic phase is dried over sodium sulfate and the solvent evaporated. The 
residue is chromatographed over 20 g silica gel, eluting with ethyl acetate followed by ethyl acetate/methanol 9/1 , to 
afford the title product.: MS (FAB) m/z 1051 (35%. M+Na); 997 (30%. M-MeOH); 979 (100%, M-(MeOH+H20) 
H-NMR (CDQS) d: 0.71 (1 H. q, J=12 Hz): 1 .24 (3H. t J=8 Hz); 3.13 (3H, s); 3.34 (3H. s); 3.43 (3H, s); 4.10 (2H. q. J=8 
Hz);5.48(1H. m) 

40 MBA (rel. IC50): 1.1 
IL-6dep.prol. (rel. IC50): 1,7 

Example 27: 40-O-f2-toMsulfdnam!doethylVrapamycin 

45 A solution of 200 mg 40-O-(2-aminoethyl)-fapamycin in 3 mL. THF is treated with 0.4 mL pyridine and 390 mg tosyl 
chloride and the reaction mixture is stirred for 12h at room temperature. The solution is then poured onto 5 mL of a sat- 
urated bicartxjnate solution and the aqueous phase is exti^acted with 2x 5 mL ethyl acetate. The combined organic 
phases are washed with 5 mL of 10% citric acid and 5mL water. After drying on sodium sulfate the solvent is evaporated 
and the residue chromatographed on 20 g silica gel, eluting with hexane/ethyl acetate 1/1 to afford the title product as 

50 a white foam: MS (FAB) m/z 1133 (100%, M+Na); 1078 (25%, M-MeOH); 1061 (85%. M-(Me0H+H2O)) H-NMR 
(CDGL3) d: 0.68 (1 H. q. J=:12Hz); 2.43 (3H. s); 3.13 (3H. s); 3.35 (3H. s); 3.41 (3H. s); 4.76 (1 H, s); 5.85 (1H, I, J=6Hz); 
7.30 (2H. d. J=8 Hz); 7.75 (2H. d, J=8Hz). 

MBA (rel. 1050): 15.9 
55 IL-6 dep. prol. (rel. IC50): 14 
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Example 28: 40-ar2-f4\S'-dicarbQrtho xv>1'.2'.3Mria2ol-1 WIVethvlVrapamvcin 

98 mg of 40-O-(2-azidoethyl)-rapamycin and 32 mg dielhyfacetylene dicarboxylate are suspended in 0.5 ml toluene 
and heated at 65 C for 5h. Ttie reaction mixture is then cooled at room temperature, loaded on 10 g silica gel and eluted 
5 with hexane/ethyl acetate 1/1 to afford the title product: MS (FAB) m/z 1175 (20%,M+N^ (15%. M MeOH); 1103 
(60%, M-(MeQH+H20)) 

H-NMR (CDCI3) d: 0.62 (IH. q, J=12 Hz): 1 .40 (3H. t. J=8 Hz); 1.42 (3H. t. J=8 Hz); 3.13 (3H, s); 3.25 (3H, s); 3.33 (3H. 
s) 

10 MBA(rel. IC50): 2.7 
IL-6dep.prol.(reMC50): 12 

The previous examples may also be made using as starting material instead of rapamycin, O-deoxo-rapamycin, 26- 
dihydro rapamycin. or 9-deQxo-, 26-dihydro-rapamycin. Alternatively, and preferably, as desaibed e.g., in example 20, 
15 the rapamycin compounds of the above examples may be hydrogenated or reduced, using suitable protecting groups 
where necessary. The following novel methods for reducing the keto at C9, or hydrogenating the keto at C26 are pro- 
vided: 

Example 29: Removal off keto at C9 

20 

A stream of hydrogen sulfide is passed at room temperature through a slin-ed solution of 3.2 g (3.5 mnral) of 
rapamycin in 50 ml pyridine and 2.5 ml DMF The solution tums from colorless to yellow. After two hours, the introduc- 
tion of hydrogen sulfide is stopped and stinring is continued for five days, during which time the solution turns gradually 
orange. TLC and HPLC analysis verifies complete consumption of the starting material and the presence of a single 

25 new compound. The solution is purged with nitrogen for one hour and concentrated under reduced pressure. The res- 
idue is taken up in ethyl acetate, washed with cold 1 N HCI solution (3x). saturated sodium bicarbonate solution and sat- 
urated brine. The organic layer is dried over anhydrous sodium sulfate and filtered and concentrated under reduced 
pressure. TTie residue is taken up in ether and the precipitated sulfur is filtered off. Concentration of the ethereal solution 
foltowed by column chromatography on sifica gel (10:4:1 CH2Cl2/i-Pr20/MeOH) yieMs 9KleoKorapamycin as a colorless 

30 foam. The identity of the product is confirmed by nudear magnetic resonance spectroscopy (NMR). mass spectrometry 
(MS), and/or infrared spectroscopy (IR). 9-deQxorapamycin is found to exhibit the following characteristic physical data: 
^H NMR (CDCLg) 6 1.61 (3H.d.J = 1 Hz, Cl 7-CH3). 1.76 {3H.d,J = 1.2 Hz,C29-CH3), 2.42 (1 H.d.J = 14.5 Hz. H-9), 2.74 
(1H.d.J = 145 Hz. H-9). 3.13 (3H.S.CI6-OCH3) 3.5 (3H,s.C27-OCH3). 3.40 (3H.S.C39-OCH3). 5.40 (1 H.d.J = 10 Hz. H- 
30). 5.57 (1H.dd.Ji = 8.6 Hz. J2 = 15 Hz. H-22), 5.96 (IH.d.J = 9 Hz. H-18). 6.09 (IH.d.J = 1.7 Hz. 10-OH), 6.15 

35 (1H,dd,J, « 10 Hz. J2 » 15Hz, H-21). 6.37 (1H,dd,Ji = 1.5 Hz. » 5 Hz, H-19). 6.38 (1H.J = 9.5 Hz, H.20). NMR 
(CDCI3) 6 38.5 (0-9). 98.0 (C-10). 170.7 (C-1), 173.0 (C-8). 208.8 (C-32). 216.9 (C-26). 
MS(FAB) m/z 922 8[M+Na*]), 899 (M+), 881 ([M-HgOl^. 868 aM-OCHsJ^), 850 ([MKHgO+OCHa)^ 
IR (major peaks){cm-^) 987, 1086. 1193, 1453. 1616, 1717. 1739. 3443. 

40 MBA (rel. IC50): 1 
MLR(reMC5o): 14 
IL-6dep.prol. (rel. IC50): 9 

Exainple 30; Pniydroqenation of keto at C26 

45 

To a stirred solution of 421 mg (1 .6 mmol) of letramethylammonium IriacetoxylDorohydride in 2 ml of acetonrtrile is 
added 2 ml of acetic acid. The resulting mixture is stin^ed for 30 minutes at room tenrperalure and cooled to -35*C. At 
this temperature a solution of 180 mg (0.2 mmol) of 9-deoxo-rapamydn in 1 ml of acetonitrile is added and the resulting 
mixture is allowed to stir for 24 hours. The mixture is quenched with a saturated sodium potassium tartrate solution and 

so allowed to warm to room temperature. Stirring is continued until both layers are clear and ethyl acetate is added. The 
layers are separated and the aqueous layer is extracted twice with ethyl acetate. The resulting organic solution is 
washed once with a 10% sodium bicartjonate solution and twice with saturated brine, then dried over anhydrous sodium 
sulfate, filtered ad concentrated under reduced pressure. The residue is purified by column chromatography on silica 
gel (90:10 AcOEt-hexane). As the starting material in this case was 9-deoxorapamycin. the final conrpound is 9-deox- 

55 orapamydn. 26-dihydrorapamydn is produced as a coloriess foam, having the foHowtng characteristic spectrosoopk; 
data: ^H NMR (CDCI3) (major isomer) 5.9 (3H.d.J = 6.9 Hz, CHCfclb), 0.93 {3H.d.J = 6.9 Hz, CHCH3). 1.00 (3H.d.J = 
6.9 Hz CHCbb). 1.07 {3H.d.J = 6.9 Hz. CHQH^. 1.17 (3H.d.J = 6.9 Hz. CHQB^. 1.61 (3H.d.J = 1Hz. C17-CH3), 1.73 
(3H.d,J = 1.2 Hz, C29-CH3), 2.43 (IH.ddJ = 4.1 and 16.0 Hz. H-33). 2.46 (IH.d.J = 13.8 Hz, H-9), 2.58 (1H.m,H-25). 
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277 (1H.d.J = 13.8 Hz, H-9), 2.82 (IH.dd.J = 8.3 and 16.0 H2. H-33) 3.17(1H.dd.J = 4.1 and 9.2 Hz. H-27). 3.61 (2H.m. 
H-14 and H28). 5.19 (IH.ddd.J = 4.1, 4.6 and 8.3 Hz. H-34). 5.49 (1H, broad d.J = 5.0 Hz, H-2). 5.56 (IH.d.J = 9.1 Hz. 
H-30). 5.75 (1 H.dd.J = 6.9 and 14.7 Hz. H-22). 5.76 (1H.S.10-OH), 5.99 (1 H.broad d.J = 9,2 Hz, H-18). 6.10 (1H.m.H- 
21). 6.36 {2H.m.H-19 and H-20): 
5 MS (FAB) m/z 924 ([M + Na]). 852 ([M-CHgO + CHgOD. 

MBA (rel. IC50): 47 
MLR (rel. IC50): 134 
IL-6 dep. prol. (rel. IC50 ): 78 

10 

26-dlhydrorapamycin is prepared in the same manner, using rapamycin In place of 9-deQxorapamycln. This product 
has the following characteristic spectroscopic data: ^^C-NMR (CDCI3) (major isomer) d = 208.3 (C-32); 194.0 (C-9); 
169.3 (C-1); 166.6 (C-8); 140.9 (C-22); 136.5 (C-29); 136.2 (C-17); 133.5 (C-20); 129.1 (C-21); 128.7 (C-18); 126.2 (C- 
30)- 125.3 (C-19): 98.6 (C-IO); 84.4 (C-39): 83.9 {C-16; 81.6 (C-27): 75.4 (C-34); 74.3 (C-28): 73.9 (C-40): 72.9 (C-26}; 
15 67.4 (C-14); 59.1 (27-C^H3); 56.6 (39-(OeH3): 55.9 (I6-OCH3): 51.3 (C-2): 46.8 (C-31); 44.3 (C-6); 40.4 (C-33); 40.4 
(C-25); 39.5 (C-24); 38.8 (C-15); 38.0 (C-36): 34.3 (C-23); 34.2 (C-38); 33.5 (C-1 1); 33.3 (C-37); 33.2 (C-35); 31.5 (O 
42.); 31.3 (C-41): 30.9 (C-13); 27.1 (C-12); 27.0 (C-3); 25.2 (C-5); 21.4 (23-SH3); 20.7 (C-4): 17.3 (II-CH3); 16.1 (3V 
CH3); 15.9 (35-CH3): 14.4 (25-CH3): 14.2 (29-CH3); 10.3 (I7-CH3). 

MS (FAB) m/z : 884 (M-OCH3. 35%); 866 (M-[CX;H3 + H2O]. 100%; 848 (M-pCHg + 2 HgOl. 40%). 

20 

MBAfrel.lCgo): 17 
MLR (rel. ICso): 1 
IL-6 dep. prol. (rel. IC50 ): 7.5 

25 Claims 

1 . A compound of Formula I 




(I) 



45 

wherein 

Xis(H.H)orO; 
so Yis(H.OH)orO; 

R^ and R^ are independently selected from 

H, alkyi. arylalkyi, hydroxyalkyi. dihydroxyalkyi, hydroxyalkylarylalkyl. dihydroxyalkylarylalkyl. acyloxyalkyl. ami- 
noalkyt. alkylaminoalkyl. alkoxycart)ony1aminoalky1, acylaminoalkyi, arylsuHonamidoalkyl. allyl. dihydroxyalky- 
lallyl, dioxdanylallyl. and hydroxyaltoxyaikyi; wherein "alk-" or "alkyl" refers to C^^ alkyl. branched or linear; 
55 and 

R^ is methyl or R"* and R' together form alkylene; 

provided that R^ and R^ are not both H. and the compound being other than 40-O-(2-hydroxy)ethyl-rapamydn. 
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2. Compounds according to claim 1 selected from the folloyving: 

1. 40-O-Benzyl-rapamycin 

2. 40-O-(4'-Hydroxymethyl)benzyl-rapamycin 

5 3. 40-O-[4'-(1 ,2-Dihydroxye1hyl)Ibenzyl-rapamycin 

4. 40"O-AIIyl-rapamycin 

5. 40-O-[3'-(2.2-Dimelhyl-1,3<lioxolan-4(S)-y!)-prop-2'-en-1-yll-rapamyd 

6. (2'E, 4'S)-40-0(4\5*-Dihydroxypent-2'-en-1*-yr)-rapamycin 
7. 40-O-(2-Hydroxy)ethoxycarbonylmethyl-rapamycin 

10 8. 40-0-(3-Hydroxy)propyl-rapamycin 

9. 40-O-(6-Hydroxy)hexy!-rapamycin 

10. 40-0-I2-(2-Hydroxy)ethoxy]elhy!-rapamycin 

1 1 . 40-O-[(3S)-2,2 Dimethyldiaxolan-3-yI]methyl-rapamycin 

12. 40-O-[(2S)-2,3-Dihydroxyprop-1-ylJ-rapamycin 
15 13. 40-O-(2-Acetoxy)elhyl-rapamycin 

14. 40-O-(2-Nicotinoyiaxy)ethyl-rapamycin 

15. 40-O-I2-(N-Morpholino)acetoxy]ethyl-rapamycin 

16. 40-O-(2-N-lmidazolylacetoxy)ethyl-rHpamycin 

1 7. 40-O-[2-(N-Methyl-N'-piperaziny!)acetoxy]ethyl-rapamycin 
20 18. 39-0-Desmethyl-39.40-0,Oethylene-rapamycin 

19. (26R)-26'Dihydro-40-O-(2-hydroxy)ethyi-rapamycin 
20. 28-0-Methyl-rapamycin 
21. 40-O-(2-Aminoethyl)-rapamycin 
22. 40-0-(2-AcetaminoethyO-rapamycin 
25 23. 40-0-(2-Nicotinamidoethyl)-rapamycin 

24. 40-O-(2-(N-MethyNmidazo-2*-ylcart)oxamid0)ethyl)-rapamycin 

25. 40-0-(2-Ethoxycarbcnylaminoelhyl)-rapamycin 
26. 40-0-(2-TolylsulfonamidoethyO-rapamycln 

27. 40-O-[2K4\5'-Dicart>oethoxy-1\2\3-triazol-1'-yl)-€thyQ-rapamycin 

30 

3. Compounds according to claim 1 where X and Y are both O, is H, R* is methyl, and R^ is other than H. 

4. Compounds according to claim 3 wherein is selected from hydroxyalkyl, hydroxyalkoxyalkyl, acylaminoalkyl. and 
anv'noalkyt- 

35 

5. Compounds according to claim 4 selected from 40-O-(3-hydraxy)proRyl-rapamycia 40-O-[2-(2- 
hydroxy)ethoxylethyl-rapamycin. and 40-O-{2-acetaminoethyl)-rapannycin). 

6. A process for making compounds according to any one of claims 1 through 5 comprising the steps of (i) reacting a 
40 rapamycin. deoxorapamydn, or dihydrorapamycin (optionally in 0*protected form) with an organic radical (R^ or R^ 

as d^ined in daim 1. optionally in protected form) attached to a leaving group ()Q. such that 

(a) X is CCl3(NH)0- and the reaction takes place in the presence of an add; or 

(b) X Is CF3SO3- and the reaction takes place in the presence of a base; 

45 

and (ii) optionally reducing and/or (where necessary) deprotecting the product 

7. A compound according to any one of claims 1 -5 for use as a pharmaceutical. 

50 8. A pharmaceutical composition comprising a compound according to any one of claims 1 -5 together with a pharma- 
ceuttcalty acceptable diluent or carrier. 

9. Use of a compound according to any one of daims 1 -5 in the manufacture of a medicament for freating or prevent- 
ing any of the following conditions: 

55 

(i) autoimmune disease. 
00 allograft rejection, 
(iii) graft vs. host disease. 
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(iv) asthma, 

(v) multidrug resistance, 

(vi) tumors or hyperproliferative disorders, or 

(vii) fungal infections, 

(viii) inflammation. 

(ix) infection by pathogens having f^ip or Mip-like factors, or 

(x) overdose of macrophilin-binding immunosuppressants. 
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